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FAST FREQUENCY HOPPING WITH A CODE 
DIVISION MULTIPLEXED PILOT IN AN 

OFDMA SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of US. patent applica 
tion Ser. No. 10/726,944, ?led on Dec. 3, 2003, noW issued as 
US. Pat. No. 7,177,297, Which in turn claims the bene?t of 
priority of US. Provisional Patent Application entitled “Fast 
Frequency Hopping With a Code Division Multiplexed Pilot 
in an OFDMA System”, Ser. No. 60/470,107, ?led on May 
12, 2003. The foregoing described applications are herein 
incorporated by reference in their entirety. 

BACKGROUND 

1. Field 
The present invention relates generally to communication, 

and more speci?cally to techniques for supporting fast fre 
quency hopping With a code division multiplexed (CDM) 
pilot in an orthogonal frequency division multiple access 
(OFDMA) communication system. 

2. Background 
In a frequency hopping spread spectrum (FHSS) commu 

nication system, data is transmitted on different frequency 
subbands or sub -carriers in different time intervals, Which are 
also referred to as “hop periods”. These frequency subbands 
may be provided by orthogonal frequency division multiplex 
ing (OFDM), other multi-carrier modulation techniques, or 
some other constructs. With FHSS, the data transmission 
hops from subband to subband in a pseudo-random manner. 
This hopping provides frequency diversity and alloWs the 
data transmission to better Withstand deleterious path effects 
such as narroW-band interference, jamming, fading, and so 
on. 

An OFDMA system utiliZes OFDM and can support mul 
tiple users simultaneously. For a frequency hopping OFDMA 
system, data for each user is transmitted using a speci?c 
frequency hopping (FH) sequence assigned to the user. The 
FH sequence indicates the speci?c subband to use for data 
transmission in each hop period. Multiple data transmissions 
for multiple users may be sent simultaneously using different 
FH sequences. These FH sequences are de?ned to be orthogo 
nal to one another so that only one data transmission uses each 
subband in each hop period. By using orthogonal FH 
sequences, intra-cell interference is avoided, and the multiple 
data transmissions do not interfere With one another While 
enjoying the bene?ts of frequency diversity. 
An OFDMA system may be deployed With multiple cells, 

Where a cell typically refers to a base station and/or its cov 
erage area. A data transmission on a given subband in one cell 
acts as interference to another data transmission on the same 
subband in a neighboring cell. To randomize inter-cell inter 
ference, the PH sequences for each cell are typically de?ned 
to be pseudo-random With respect to the PH sequences for 
neighboring cells. By using pseudo-random FH sequences, 
interference diversity is achieved, and the data transmission 
for a user in a given cell Would observe, over a suf?ciently 
long time period, the average interference from the data trans 
missions for other users in other cells. 

The inter-cell interference can vary signi?cantly from sub 
band to subband at any given moment. To account for the 
variation in interference across the subbands, a margin is 
typically used in the selection of a data rate for a data trans 
mission. A large margin is normally needed to achieve a loW 
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2 
packet error rate (PER) for the data transmission if the vari 
ability in interference is large. The large margin results in a 
greater reduction in the data rate for the data transmission, 
Which limits system capacity. 

Frequency hopping can average the inter-cell interference 
and reduce the required margin. Increasing the frequency 
hopping rate results in better interference averaging and 
decreases the required margin. Fast frequency hopping rate is 
especially bene?cial for certain types of transmissions that 
encode data across multiple frequency hops and Which cannot 
use other techniques, such as automatic request for retrans 
mission (ARQ), to mitigate the deleterious effects of interfer 
ence. 

Frequency hopping rates are generally limited by channel 
estimation requirements. For an OFDMA system, the channel 
response for each subband used for data transmission is typi 
cally estimated by a receiver, and the channel response esti 
mate for the subband is then used to coherently demodulate 
data symbols received on that subband. Channel estimation 
for each subband is normally achievedbased on pilot symbols 
received on the subband. In a fast-fading communication 
channel, the fading rate normally prohibits the receiver from 
combining pilot symbols received on the same subband from 
previous hops. Thus, to independently estimate the channel 
response for each hop period, a suf?cient number of pilot 
symbols needs to be transmitted in the hop period so that the 
receiver can obtain a suf?ciently accurate channel response 
estimate. These pilot symbols represent a ?xed overhead for 
each hop period. In this case, increasing the frequency hop 
ping rate also increases the pilot overhead. 

There is therefore a need in the art for techniques to support 
fast frequency hopping Without increasing pilot overhead in 
an OFDMA system. 

SUMMARY 

Techniques are provided herein to support fast frequency 
hopping With a CDM pilot in a multi-carrier communication 
system (e.g., an OFDMA system). Each transmitter (e. g., 
each terminal) in the system transmits a Wideband pilot on all 
subbands to alloW a receiver (e.g., a base station) to estimate 
the entire channel response at the same time. The Wideband 
pilot for each transmitter may be generated using direct 
sequence spread spectrum processing and based on a pseudo 
random number (PN) code assigned to that transmitter. This 
alloWs the receiver to individually identify and recover mul 
tiple Wideband pilots transmitted concurrently by multiple 
transmitters. For a time division multiplexed (TDM)/CDM 
pilot transmission scheme, each transmitter transmits the 
Wideband pilot in bursts. For a continuous CDM pilot trans 
mission scheme, each transmitter continuously transmits the 
Wideband pilot, albeit at a loW transmit poWer level. 

At a transmitter, at least one pilot symbol is processed With 
the PN code assigned to the transmitter to obtain a sequence 
of pilot chips for a Wideband pilot. Data symbols are pro 
cessed in accordance With a multi-carrier modulation scheme 
(e.g., OFDM) to obtain a sequence of data chips. If the data 
symbols are to be transmitted With frequency hopping, then 
the particular subband to use for the data symbols in each hop 
period is determined by an FH sequence assigned to the 
transmitter. For the TDM/CDM pilot transmission scheme, 
the sequence of pilot chips is time division multiplexed With 
the sequence of data chips to obtain a TDM sequence of pilot 
and data chips, Which is further processed and transmitted. 
For the continuous CDM pilot transmission scheme, the 
sequence of pilot chips is summed With the sequence of data 
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chips to obtain a sequence of combined pilot and data chips, 
Which is further processed and transmitted. 

At a receiver, a sequence of received chips is initially 
obtained. For the TDM/CDM pilot transmission scheme, the 
sequence of received chips is demultiplexed to obtain a 
sequence of received pilot chips and a sequence of received 
data chips. The sequence of received pilot chips (for the 
TDM/CDM pilot transmission scheme) or the sequence of 
received chips (for the continuous CDM pilot transmission 
scheme) is processed With the PN code assigned to the trans 
mitter to obtain time-domain channel gain estimates for mul 
tiple propagation paths from the transmitter to the receiver. A 
rake receiver may be used for the pilot processing at the 
receiver. The channel gain estimates are further processed 
(e.g., interpolated) and transformed to obtain frequency-do 
main channel response estimates for multiple subbands. 

For the continuous CDM pilot transmission scheme, pilot 
interference cancellation may be performed on the sequence 
of received chips (based on the channel gain estimates) to 
obtain the sequence of received data chips. For both pilot 
transmission schemes, the sequence of received data chips (if 
available) or the sequence of received chips is processed in 
accordance With a multi-carrier demodulation scheme (e.g., 
for OFDM) and With the channel response estimates to obtain 
recovered data symbols, Which are estimates of the data sym 
bols transmitted by the transmitter. If the data symbols Were 
transmitted With frequency hopping, then the particular sub 
band from Which to obtain the recovered data symbols in each 
hop period is determined by the same FH sequence used at the 
transmitter. 

The techniques described herein can provide various 
advantages, including the ability to support any frequency 
hopping rate Without impacting pilot overhead. In fact, the 
frequency hopping rate may be as fast as one OFDM symbol 
per hop period. A fast frequency hopping rate can improve 
interference averaging and reduce the required margin, Which 
can improve utiliZation of the system capacity. 

Various aspects and embodiments of the invention are 
described in further detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, nature, and advantages of the present inven 
tion Will become more apparent from the detailed description 
set forth beloW When taken in conjunction With the draWings 
in Which like reference characters identify correspondingly 
throughout and Wherein: 

FIG. 1 shoWs a conventional pilot transmission scheme for 
a frequency hopping OFDMA system; 

FIG. 2 shoWs the TDM/CDM pilot transmission scheme; 
FIG. 3 shoWs the continuous CDM pilot transmission 

scheme; 
FIG. 4 shoWs an exemplary OFDMA system; 
FIGS. 5A and 5B shoW block diagrams of a terminal and a 

base station, respectively; 
FIGS. 6A and 6B respectively shoW a block diagram of a 

transmit (TX) pilot processor and a timing diagram for the 
TDM/CDM pilot transmission scheme; 

FIGS. 6C and 6D respectively shoW a block diagram of a 
TX pilot processor and a timing diagram for the continuous 
CDM pilot transmission scheme; 

FIG. 7A shoWs a block diagram of a receive (RX) pilot 
processor for the TDM/CDM pilot transmission scheme; 

FIGS. 7B and 7C shoW block diagrams of an RX pilot 
processor and a pilot interference canceller, respectively, for 
the continuous CDM pilot transmission scheme; 
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4 
FIG. 8A shoWs a process for transmitting a Wideband pilot 

With the TDM/CDM pilot transmission scheme; 
FIG. 8B shoWs a process for transmitting a Wideband pilot 

With the continuous CDM pilot transmission scheme; 
FIG. 8C shoWs a process for receiving a Wideband pilot 

With the TDM/CDM pilot transmission scheme; and 
FIG. 8D shoWs a process for receiving a Wideband pilot 

With the continuous CDM pilot transmission scheme. 

DETAILED DESCRIPTION 

The Word “exemplary” is used herein to mean “serving as 
an example, instance, or illustration.” Any embodiment or 
design described herein as “exemplary” is not necessarily to 
be construed as preferred or advantageous over other embodi 
ments or designs. 

In the folloWing description, a “channel gain estimate” is a 
time-domain estimate of the complex channel gain for a 
propagation path from a transmitter to a receiver. A “channel 
frequency response estimate” (or simply, a “channel response 
estimate”) is a frequency-domain estimate of the channel 
response for a particular subband of a communication chan 
nel betWeen the transmitter and the receiver. (The communi 
cation channel may include a number of propagation paths.) 
Channel gain estimates may be processed and transformed to 
obtain channel response estimates, as described beloW. A 
“channel estimate” can generically refer to a channel gain 
estimate, a channel response estimate, or some other type of 
estimate for the communication channel. 
An OFDMA system utiliZes OFDM, Which is a multi 

carrier modulation technique that effectively partitions the 
overall system bandWidth into a number of (N) orthogonal 
subbands. These subbands are also commonly referred to as 
tones, sub-carriers, bins, and frequency subchannels. With 
OFDM, each subband is associated With a respective sub 
carrier that may be modulated With data. In some OFDM 
systems, only Ndam subbands are used for data transmission, 
NPl-Zot subbands are used for pilot transmission, and Nguard 
subbands are not used and serve as guard subbands to alloW 
the systems to meet spectral mask requirements, Where 
N:Ndam+Np?ot+Nguard. For simplicity, the folloWing 
description assumes that all N subbands can be used for data 
transmission. 

FIG. 1 shoWs a conventional pilot transmission scheme 100 
for a frequency hopping OFDMA system. FIG. 1 shoWs pilot 
and data transmission on a frequency-time plane Whereby the 
vertical axis represents frequency and the horiZontal axis 
represents time. For this example, N:8, and the eight sub 
bands are assigned indices of 1 through 8. Up to eight traf?c 
channels may be de?ned Whereby each tra?ic channel uses 
one of the eight subbands in each hop period. A hop period is 
the time duration spent on a given subband and may be 
de?ned to be equal to the duration of one or multiple OFDM 
symbols. 
Each tra?ic channel is associated With a different FH 

sequence. The FH sequences for all tra?ic channels may be 
generated With an FH function f(k, T), Where k denotes the 
traf?c channel number and T denotes system time, Which is 
given in units of hop periods. N different FH sequences may 
be generated With N different values of k in the PH function 
f(k,T). The FH sequence for each tra?ic channel indicates the 
particular subband to use for that tra?ic channel in each hop 
period. For clarity, FIG. 1 shoWs the subbands used for one 
traf?c channel. It can be seen in FIG. 1 that this tra?ic channel 
hops from subband to subband in a pseudo-random manner 
determined by its FH sequence. 
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For conventional pilot transmission scheme 100, a group of 
P pilot symbols (depicted as solid boxes) is transmitted in a 
TDM manner With a group of data symbols (depicted as 
diagonal boxes) in each hop period, Where P; 1. Typically, P 
is the number of pilot symbols needed to alloW a receiver to 
independently estimate the channel response in each hop 
period. The P pilot symbols represent a ?xed overhead that is 
needed for each hop period. This ?xed overhead becomes a 
larger percentage of a transmission as the hop period 
decreases. The frequency hopping rate is thus constrained by 
the pilot overhead. 

Pilot transmission schemes suitable for use With fast fre 
quency hopping in a multi-carrier communication system are 
provided herein. These pilot transmission schemes are Well 
suited for use on the reverse link but may also be used for the 
forWard link. For clarity, these pilot transmission schemes are 
speci?cally described beloW for the reverse link of an 
OFDMA system. 

FIG. 2 shoWs a TDM/CDM pilot transmission scheme 200 
for a frequency hopping OFDMA system. For this pilot trans 
mission scheme, each user transmits a Wideband pilot that is 
time division multiplexed With the user’s data transmission. 
The Wideband pilot is transmitted on all N subbands and 
alloWs a receiver (e.g., a base station) to estimate the entire 
channel response at the same time. The Wideband pilot may 
be generated in the time domain using direct sequence spread 
spectrum processing, as described beloW. 
The Wideband pilot has a duration of T P seconds, or 

T PINPT S, Where NP is the number of OFDM symbol periods 
in Which the Wideband pilot is transmitted and TS is the 
duration of one OFDM symbol. For the example shoWn in 
FIG. 2, TPI2-TS, Where one hop period corresponds to one 
OFDM symbol period. In general, the pilot duration TP is 
selected to be suf?ciently long to alloW the receiver to obtain 
a suf?ciently accurate channel response estimate for each of 
the users. The pilot duration T P may be dependent on various 
factors such as the amount of transmit poWer available to each 
user, the expected Worst-case channel conditions for all users, 
and so on. 

The Wideband pilot is transmitted every TW seconds and 
has a periodicity of TW seconds. For the example shoWn in 
FIG. 2, TW:l4~TS. In general, the pilot periodicity TWmay be 
selected to be shorter than the coherence time "c of the com 
munication channel, i.e., TW<'c. The coherence time is the 
time interval over Which the communication channel is essen 
tially constant. By selecting TW<"c, the channel response esti 
mates can be assured to be valid for the entire TW seconds 
betWeen Wideband pilot bursts. 

For the TDM/CDM pilot transmission scheme, the pilot 
overhead is determined by the pilot duration T P and the pilot 
periodicity TW, Which are in turn dependent on certain char 
acteristics of the communication channel (e.g., the coherence 
time). This pilot transmission scheme can support any fre 
quency hopping rate Without impacting pilot overhead. In 
fact, the frequency hopping rate may be as fast as one OFDM 
symbol per hop period (i.e., symbol-rate hopping), Which is 
highly desirable for the reasons noted above. 
As shoWn in FIG. 2, the Wideband pilot for each user is 

transmitted in bursts and does not interfere With the data 
transmission for that user. To avoid pilot-to-data interference 
for all users in a cell, the users can transmit their Wideband 
pilots in the same time interval. In this case, the Wideband 
pilots for all users in each cell Would not interfere With their 
data transmissions. Moreover, the data transmissions of all 
users in each cell Would not interfere With one another 
because these users use orthogonal FH sequences. 
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6 
The transmission of the Wideband pilots by all users at the 

same time implies that these Wideband pilots Will interfere 
With one another. To mitigate pilot-to-pilot interference, the 
Wideband pilots for all users may be “orthogonaliZed”. The 
orthogonaliZation of the Wideband pilots may be achieved in 
various manners, some of Which are described beloW. 

In one embodiment, the pilot symbol for each user is “cov 
ered” With an orthogonal code that is unique to that user. 
Covering is a process Whereby a pilot symbol to be transmit 
ted is multiplied by all W chips of a W-chip orthogonal code 
to obtain W covered chips, Which are further processed and 
transmitted. The orthogonal code may be a Walsh code, an 
orthogonal variable spreading factor (OVSF) code, a quasi 
orthogonal function (QOF), and so on. The covered pilot for 
each user is then spectrally spread across all N subbands With 
a PN code that is common to all users. In general, any PN code 
having characteristics normally associated With a good PN 
code (e.g., a ?at spectral response, loW or Zero cross-correla 
tion at different time offsets, and so on) may be used for the 
spectral spreading. The PN code may also be referred to as a 
scrambling code or some other terminology. 

In another embodiment, the pilot symbol for each user is 
spectrally spread across all N subbands With a PN code that is 
unique to that user. For this embodiment, the PN code is used 
for both orthogonaliZation and spectral spreading. The user 
speci?c PN codes may be de?ned to be different time shifts of 
a common PN code, similar to the use of different time shifts 
of short PN codes for different base stations in IS-95 and 
IS-2000 systems. In this case, each user is assigned a unique 
time-shift and the PN code for that user can be identi?ed by 
the assigned time-shift. The common PN code may be 
denoted as PN(n), the time-shift assigned to user x may be 
denoted as ATX, and the PN code for user x may be denoted as 

PN(n+ATx). 
For both embodiments, the Wideband pilot for each user is 

both code division multiplexed and time division multi 
plexed. For clarity, the folloWing description is for the 
embodiment Whereby the Wideband pilot for each user is 
spectrally spread With a user-speci?c PN code to suppress 
pilot interference from other users. 

Referring to FIG. 2, the Wideband pilot is transmitted using 
CDM and the data transmission is transmitted using OFDM. 
The processing at the transmitter and the receiver for the 
CDM/TDM pilot transmission scheme is described beloW. 

FIG. 3 shoWs a continuous CDM pilot transmission 
scheme 300 for a frequency hopping OFDMA system. For 
this pilot transmission scheme, each user continuously trans 
mits a Wideband pilot that is superimposed over (i.e., added 
to) the data transmission. Again, the Wideband pilot is trans 
mitted on all N subbands and alloWs a receiver (e.g., a base 
station) to estimate the entire channel response. 
The continuous Wideband pilot may be transmitted at a loW 

poWer level While still enabling the receiver to obtain a high 
quality estimate of the channel response. This is because the 
receiver can integrate/ accumulate many received pilot chips 
to realiZe a signi?cant signal processing gain from the CDM 
integration, similar to the gain achieved in a CDMA system. 
Integration over many received pilot chips is possible since 
the communication channel is coherent over multiple OFDM 
symbol periods. 
The continuous Wideband pilot for each user interferes 

With one another. Similar to the TDM/CDM pilot transmis 
sion scheme, the Wideband pilots for all users may be 
orthogonaliZed to mitigate pilot-to-pilot interference. The 
orthogonaliZation and spectral spreading of the Wideband 
pilots for all users may be achieved With (1) different orthogo 
nal codes and a common PN code or (2) different user-spe 
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ci?c PN codes, as described above. For clarity, the following 
description assumes that the Wideband pilot for each user is 
orthogonaliZed and spectrally spread With a user-speci?c PN 
code to suppress pilot interference from other users. 

The continuous Widebandpilot for eachuser also interferes 
With the data transmission for that user as Well as the data 
transmissions for other users. This pilot-to-data interference 
is shoWn in FIG. 3, since the boxes for the data symbols 
should are also shaded to shoW that the Wideband pilot is 
superimposed on these data symbols. However, as noted 
above, only a small amount of transmit poWer is needed for 
the continuous Wideband pilot for each user. Thus, the total 
pilot interference observed by the data transmission for each 
user due to the Wideband pilots for all users is small in mag 
nitude. Moreover, the receiver may be able to estimate and 
cancel the interference due to the Wideband pilots, as 
described beloW. 

For the continuous CDM pilot transmission scheme (and 
also the TDM/CDM pilot transmission scheme), the pilot 
overhead is determined by the amount of transmit poWer used 
for the Wideband pilot versus the amount of transmit poWer 
used for data transmission. The pilot overhead is thus ?xed 
and not dependent on the frequency hopping rate. The con 
tinuous CDM pilot transmission scheme can support any 
frequency hopping rate (including symbol-rate hopping) 
Without impacting pilot overhead. 

For both the TDM/CDM pilot transmission scheme and the 
continuous CDM pilot transmission scheme, the Wideband 
pilot from each user is typically transmitted at a predeter 
mined poWer level. HoWever, the Wideband pilot may also be 
transmitted at a poWer level that may be controlled by a closed 
poWer control loop. 

FIG. 4 shoWs an exemplary OFDMA system 400 that sup 
ports a number of users. System 400 includes a number of 
base stations 410, each having a coverage area 402, that 
provide communication for a number of terminals 420. A 
base station is a ?xed stationused for communicating With the 
terminals and may also be referred to as a base transceiver 
subsystem (BTS), an access point, a Node B, or some other 
terminology. Terminals 420 are typically dispersed through 
out the system, and each terminal may be ?xed or mobile. A 
terminal may also be referred to as a mobile station, a user 
equipment (UE), a Wireless communication device, or some 
other terminology. Each terminal may communicate With one 
or more base stations on the forWard link and/or one or more 

base stations on the reverse link at any given moment. This 
depends on Whether or not the terminal is active, Whether or 
not soft handoff is supported, and Whether or not the terminal 
is in soft handoff. The forWard link (i.e., doWnlink) refers to 
the communication link from the base station to the terminal, 
and the reverse link (i.e., uplink) refers to the communication 
link from the terminal to the base station. For simplicity, only 
transmissions on the reverse link are shoWn in FIG. 4. 
A system controller 430 couples to base stations 410 and 

may perform a number of functions such as (l) coordination 
and control for these base stations, (2) routing of data among 
these base stations, and (3) access and control of the terminals 
served by these base stations. 

FIG. 5A shoWs a block diagram of an embodiment of a 
terminal 420x, Which is one of the terminals in OFDMA 
system 400. For simplicity, only the transmitter portion of 
terminal 420x is shoWn in FIG. 5A. 

Within terminal 420x, an encoder/interleaver 512 receives 
tra?ic data from a data source 510 and possibly control data 
and other data from a controller 540. Encoder/interleaver 512 
formats, encodes, and interleaves the received data to provide 
coded data. A modulator 514 then modulates the coded data in 
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8 
accordance With one or more modulation schemes (e.g., 

QPSK, M-PSK, M-QAM, and so on) to provide modulation 
symbols (or simply, “data symbols”). Each modulation sym 
bol is a complex value for a speci?c point in a signal constel 
lation for the modulation scheme used for that modulation 
symbol. 
An OFDM modulator 520 performs frequency hopping 

and OFDM processing for the data symbols. Within OFDM 
modulator 520, a TX FH processor 522 receives the data 
symbols and provides these data symbols on the proper sub 
bands determined by an FH sequence for a tra?ic channel 
assigned to terminal 420x. This FH sequence indicates the 
speci?c subband to use in each hop period and is provided by 
controller 540. For the TDM/CDM pilot transmission 
scheme, TX FH processor 522 provides data symbols only 
during periods of data transmission, as shoWn in FIG. 2. For 
the continuous CDM pilot transmission scheme, TX FH pro 
cessor 522 provides data symbols continuously for each hop 
period, as shoWn in FIG. 3. In any case, the data symbols 
dynamically hop from subband to subband in a pseudo-ran 
dom manner determined by the PH sequence. For each 
OFDM symbol period, TX FH processor 522 provides N 
“transmit” symbols for the N subbands. These N transmit 
symbols are composed of one data symbol for the subband 
used for data transmission (if data is being transmitted) and a 
signal value of Zero for each subband not used for data trans 
mission. 
An inverse fast Fourier transform (IFFT) unit 524 receives 

the N transmit symbols for each OFDM symbol period. IFFT 
unit 524 then transforms the N transmit symbols to the time 
domain using an N-point inverse FFT to obtain a “trans 
formed” symbol that contains N time-domain “data” chips. 
Each data chip is a complex value to be transmitted in one 
chip period. (The chip rate is related to the overall bandWidth 
of the system.) A cyclic pre?x generator 526 receives the N 
data chips for each transformed symbol and repeats a portion 
of the transformed symbol to form an OFDM symbol that 
contains N+CP data chips, Where CP is the number of data 
chips being repeated. The repeated portion is often referred to 
as a cyclic pre?x and is used to combat inter-symbol interfer 
ence (lSl) caused by frequency selective fading. An OFDM 
symbol period corresponds to the duration of one OFDM 
symbol, Which is N+CP chip periods. Cyclic pre?x generator 
526 provides a stream of data chips for a stream of OFDM 
symbols. 
A transmit (TX) pilot processor 530 receives the stream of 

data chips and at least one pilot symbol. TX pilot processor 
530 generates a Wideband pilot that is either time division 
multiplexed With the data chips (for the TDM/CDM pilot 
transmission scheme) or superimposed over the data chips 
(for the continuous CDM pilot transmission scheme). TX 
pilot processor 530 provides a stream of “transmit” chips. For 
the TDM/CDM pilot transmission scheme, each transmit chip 
is either a data chip or a pilot chip. For the continuous CDM 
pilot transmission scheme, each transmit chip is a sum of a 
data chip and a pilot chip. A transmitter unit (TMTR) 532 
processes the stream of transmit chips to obtain a modulated 
signal, Which is transmitted from an antenna 534 to the base 
station. 

FIG. 5B shoWs a block diagram of an embodiment of a base 
station 410x, Which is one of the base stations in OFDMA 
system 400. For simplicity, only the receiver portion of base 
station 410x is shoWn in FIG. 5B. 
The modulated signal transmitted by terminal 420x is 

received by an antenna 552. The received signal from antenna 
552 is provided to and processed by a receiver unit (RCVR) 
554 to provide samples. Receiver unit 554 may further per 
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form sample rate conversion (from the receiver sampling rate 
to the chip rate), frequency/phase correction, and other pre 
processing on the samples. Receiver unit 554 provides a 
stream of “received” chips. 
A receive (RX) pilot processor 560 receives and processes 

the stream of received chips to recover the Wideband pilot and 
the data chips transmitted by terminal 420x. Several designs 
for RX pilot processor 560 are described beloW. RX pilot 
processor 560 provides a stream of received data chips to an 
OFDM demodulator 570 and channel gain estimates to a 
digital signal processor (DSP) 562. DSP 562 processes the 
channel gain estimates to obtain channel response estimates 
used for data demodulation, as described beloW. 

Within OFDM demodulator 570, a cyclic pre?x removal 
unit 572 receives the stream of received data chips and 
removes the cyclic pre?x appended to each received OFDM 
symbol to obtain a received transformed symbol. An FFT unit 
574 then transforms each received transformed symbol to the 
frequency domain using an N-point FFT to obtain N received 
symbols for the N subbands. An RX FH processor 576 obtains 
the N received symbols for each OFDM symbol period and 
provides the received symbol from the proper subband as the 
received data symbol for that OFDM symbol period. The 
speci?c subband from Which to obtain the received data sym 
bol in each OFDM symbol period is determined by the PH 
sequence for the traf?c channel assigned to terminal 420x. 
This FH sequence is provided by a controller 590. Since the 
data transmission by terminal 420x dynamically hops from 
subband to subband, RX FH processor 576 operates in unison 
With TX FH processor 522 in terminal 420x and provides the 
received data symbols from the proper subbands. The FH 
sequence used by RX FH processor 576 at base station 410x 
is the same as the PH sequence used by TX FH processor 522 
at terminal 420x. Moreover, the PH sequences at base station 
410x and terminal 420x are synchronized. RX FH processor 
576 provides a stream of received data symbols to a demodu 
lator 580. 

Demodulator 580 receives and coherently demodulates the 
received data symbols With the channel response estimates 
from DSP 562 to obtain recovered data symbols. The channel 
response estimates are for the subbands used for data trans 
mission. Demodulator 580 further demaps the recovered data 
symbols to obtain demodulated data. A deinterleaver/ decoder 
582 then deinterleaves and decodes the demodulated data to 
provide decoded data, Which may be provided to a data sink 
584 for storage. In general, the processing by the units in base 
station 410x is complementary to the processing performed 
by the corresponding units in terminal 420x. 

Controllers 540 and 590 direct operation at terminal 420x 
and base station 410x, respectively. Memory units 542 and 
592 provide storage for program codes and data used by 
controllers 540 and 590, respectively. Controllers 540 and 
590 may also perform pilot-related processing. For example, 
controllers 540 and 590 may determine the time intervals 
When the Wideband pilot for terminal 420x should be trans 
mitted and received, respectively. 

For clarity, FIGS. 5A and 5B shoW transmission and recep 
tion, respectively, of pilot and data on the reverse link. Similar 
or different processing may be performed for pilot and data 
transmission on the forWard link. 

FIG. 6A shoWs a block diagram of a TX pilot processor 
53011, which may be used for the TDM/CDM pilot transmis 
sion scheme. TX pilot processor 53011 is one embodiment of 
TX pilot processor 530 in FIG. 5A and includes a pilot gen 
erator 610, a multiplier 616, and a multiplexer (MUX) 618. 

Within pilot generator 610, a multiplier 612 receives and 
multiplies a pilot symbol With a PN code PNx(n) and provides 
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10 
a stream of pilot chips. The pilot symbol may be any real or 
complex value that is knoWn a priori by both terminal 420x 
and base station 410x. The PN code PNx(n) is the one assigned 
to terminal 420x, Where “n” is the chip index. The PN code 
may be expressed as PNx(n):PN(n+ATx) for the embodiment 
Whereby each user is assigned a different time shift AT,C of a 
common PN code PN(n). A multiplier 614 receives and scales 
the stream of pilot chips With a scaling factor KP and provides 
a stream of scaled pilot chips. Multiplier 616 receives and 
scales the stream of data chips With a scaling factor Kd and 
provides a stream of scaled data chips. The scaling factors K 
and K d determine the transmit poWers used for the Wideband 
pilot and the data symbols, respectively. Multiplexer 618 
receives and multiplexes the stream of scaled data chips With 
the stream of scaled pilot chips and provides the stream of 
transmit chips. The multiplexing is performed in accordance 
With a TDM control provided by controller 540. 

FIG. 6B shoWs a timing diagram for the TDM/CDM pilot 
transmission scheme. The transmit chips from TX pilot pro 
cessor 53011 are composed of data chips time division multi 
plexed With pilot chips. The TDM control determines When 
the data chips and the pilot chips are provided as the transmit 
chips. The length of the PN code PNx(n) may be selected to be 
equal to the duration of one Wideband pilot burst, Which is 
NP~(N+CP) chips. Alternatively, the PN code length may be 
selected to be equal to the duration of multiple OFDM sym 
bols, the duration of multiple Wideband pilot bursts, or some 
other duration. 

FIG. 6C shoWs a block diagram of a TX pilot processor 
530b, Which may be used for the continuous CDM pilot 
transmission scheme. TX pilot processor 5301) is another 
embodiment of TX pilot processor 530 in FIG. 5A and 
includes a pilot generator 620, a multiplier 626, and a summer 
628. 

Within pilot generator 620, a multiplier 622 receives and 
multiplies the pilot symbol With the PN code PNx(n) assigned 
to terminal 420x and provides a stream of pilot chips. A 
multiplier 624 receives and scales the stream of pilot chips 
With the scaling factor KP and provides the stream of scaled 
pilot chips. Multiplier 626 receives and scales the stream of 
data chips With the scaling factor Kd and provides the stream 
of scaled data chips. Summer 628 receives and sums the 
stream of scaled data chips With the stream of scaled pilot 
chips and provides the stream of transmit chips. 

FIG. 6D shoWs a timing diagram for the continuous CDM 
pilot transmission scheme. The transmit chips from TX pilot 
processor 5301) are composed of data chips superimposed on 
(i.e., added to) pilot chips. The length of the PN code PNx(n) 
may be selected to be equal to the duration of one OFDM 
symbol, Which is N+Cp chips. Alternatively, the PN code 
length may be selected to be equal to the duration of multiple 
OFDM symbols or some other duration. 

FIGS. 6A and 6C shoW the generation of a Wideband pilot 
in the time domain using direct sequence spread spectrum 
processing. The Wideband pilot may also be generated in 
other manners, and this is Within the scope of the invention. 
For example, a Wideband pilot may be generated in the fre 
quency domain. For this embodiment, a pilot symbol may be 
transmitted on each of the N subbands during the pilot burst 
for a TDM pilot transmission scheme or continuously for a 
continuous pilot transmission scheme. The N pilot symbols 
on the N subbands may be orthogonaliZed With an orthogonal 
code or a PN code to alloW the base station to individually 
identify and recover multiple frequency-domain Wideband 
pilots transmitted concurrently by multiple terminals. 

FIG. 7A shoWs a block diagram of an RX pilot processor 
56011, which may be used for the TDM/CDM pilot transmis 










